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SOUND REPRODUCINGAPPARATUS USING 
N-EAR EARPHONE 

TECHNICAL FIELD 

0001. The present invention relates to a sound reproducing 
apparatus for reproducing a sound by using an in-ear ear 
phone. 

BACKGROUND ART 

0002 A Sound reproducing apparatus using an in-ear ear 
phone is compact, highly portable, and useful. On the other 
hand, since wearing an earphone in an ear blocks an ear canal, 
there arises a problem that the sound is slightly muffled and 
that it is difficult to obtain a spacious sound. 
0003 For example, let it be assumed that the ear canal of 
an ear is represented by a simple cylindrical model. When not 
wearing an earphone in the ear, the cylinder is closed at the 
eardrum side and is open at the entrance side of the ear, that is, 
one end of the cylinder is open and the other end is closed ((a) 
in FIG. 16). In this case, a primary resonance frequency is 
about 3400 Hz, if it is assumed that the length of the cylinder 
is 25 mm which is an average length of the ear canal of a 
human. On the other hand, when wearing an earphone 110 in 
the ear, the cylinder is closed at the eardrum side and the 
entrance side of the ear, that is, both ends of the cylinder are 
closed ((b) in FIG. 16). In this case, a primary resonance 
frequency is about 6800 Hz, which is double that in the case of 
not wearing an earphone. 
0004 One of techniques to solve the above problem is a 
conventional sound reproducing apparatus which corrects a 
resonance frequency characteristic of an ear canal to repro 
duce a sound, thereby realizing a listening state equivalent to 
that in the case of not wearing an earphone (in the case where 
the ear canal is not blocked), even when, actually, wearing the 
earphone in the ear (for example, see Patent Document 1). 
0005 FIG. 17 shows a configuration of a conventional 
sound reproducing apparatus 1700 disclosed in Patent Docu 
ment 1. In the conventional Sound reproducing apparatus 
1700 shown in FIG. 17, a correction information storage 
section 1703 stores correction information about an ear-canal 
impulse response variation, and a convolution operation sec 
tion 1704 convolves a sound source signal with the correction 
information, thereby realizing a listening state equivalent to 
that in the case where the ear canal is not blocked. 

0006 Moreover, there is a conventional acoustic-field 
reproducing apparatus which automatically measures ahead 
related transfer function of a listening person with use of an 
in-ear transducer used for both a microphone and an ear 
phone, and convolves an inputted signal with the measured 
head-related transfer function of the listening person, and 
which allows the listening person to receive the convolved 
signal via the in-ear transducer used for both a microphone 
and an earphone (for example, see Patent Document 2). The 
conventional acoustic-field reproducing apparatus realizes, 
through the above processing, the effect of allowing an 
unspecified listening person to obtain excellent feeling of 
localization of a plurality of Sound sources present in all 
directions. 

0007 Patent Document 1 Japanese Laid-Open Patent Pub 
lication No. 2002-209300 
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0008 Patent Document 2 Japanese Laid-Open Patent Pub 
lication No. H05-199596 

DISCLOSURE OF THE INVENTION 

0009 Problems to be Solved by the Invention 
0010. However, the conventional sound reproducing appa 
ratus disclosed in Patent Document 1 has a problem that a 
characteristic of a pseudo head is used for a characteristic of 
ear-canal correction. 
0011. In addition, the conventional acoustic-field repro 
ducing apparatus disclosed in Patent Document 2 measures a 
head-related transfer function between a speaker and each ear 
of the listening person, from an input from the speaker and an 
output from the in-ear transducer used for both a microphone 
and an earphone. In addition, it is disclosed that, since a point 
where the measurement is performed coincides with a point 
where a sound is reproduced, an optimum head-related trans 
fer function can be measured. However, there is a problem 
that, since an earphone normally has a speaker for reproduc 
tion directed toward the inside of an ear, the microphone itself 
is an obstacle, and therefore a head-related transfer function 
cannot properly be measured. 
0012. Therefore, an object of the present invention is to 
provide a Sound reproducing apparatus capable of realizing a 
listening state which is suitable for an earphone for listening 
and is equivalent to a listening state in the case where the ear 
canal is not blocked even when wearing the earphone, by 
obtaining a filter for correcting a characteristic of an earcanal 
ofan individual with use of an earphone used for listening and 
convolving a sound source signal with the filter. 

SOLUTION TO THE PROBLEMS 

0013 The present invention is directed to a sound repro 
ducing apparatus reproducing Sound by using an in-ear ear 
phone. In order to achieve the above object, one aspect of a 
Sound reproducing apparatus of the present invention com 
prises a measurement signal generating section, a signal pro 
cessing section, an analysis section, and an ear-canal correc 
tion filter processing section. 
0014. The measurement signal generating section gener 
ates a measurement signal. The signal processing section 
outputs the measurement signals from an in-ear earphone to 
an ear canal of a listening person by using a speaker function, 
and measures, with the in-ear earphone, the signals reflected 
by an eardrum of the listening person by using a microphone 
function of the in-ear earphone, both in a state where the 
in-ear earphone is worn in the ear of the listening person and 
in a state where the in-ear earphone is not worn in the ear of 
the listening person. The analysis section analyzes the signals 
measured in the two states by the signal processing section, 
and obtains an ear-canal correction filter. The ear-canal cor 
rection filter processing section convolves the sound Source 
signal with the ear-canal correction filter obtained by the 
analysis section, when Sound is reproduced from a Sound 
Source signal. 
0015 The signal processing section may measure a signal 
in a state where the in-ear earphone is attached to an ear-canal 
simulator which simulates a characteristic of an ear canal, 
instead of the state where the in-ear earphone is not worn in 
the ear of the listening person. In addition, if the analysis 
section stores a standard ear-canal correction filter which is 
measured in advance by using the ear-canal simulator which 
simulates a characteristic of an ear canal, the analysis section 
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can correct the standard ear-canal correction filter and obtain 
an ear-canal correction filter, based on the signal measured in 
the state where the in-ear earphone is worn in the ear of the 
listening person. 
0016. It is preferable that the standard ear-canal correction 

filter is stored as a parameter of an IIR filter. In addition, the 
analysis section may perform processing on a characteristic 
obtained through the measurement, only within a range of 
frequencies causing a change in a characteristic of the ear 
canal. The range causing a change in a characteristic of the ear 
canal is, for example, from 2 kHz to 10 kHz. 
0017. In addition, an HRTF processing section for con 
Volving the Sound Source signal with a predetermined head 
related transfer function may further be provided at a preced 
ing stage of the ear-canal correction filter processing section. 
Alternatively, an HRTF processing section for convolving the 
Sound source signal convolved with the ear-canal correction 
filter with a predetermined head-related transfer function, 
may further be provided at a Subsequent stage of the ear-canal 
correction filter processing section. Alternatively, the analy 
sis section may store a predetermined head-related transfer 
function and obtain an ear-canal correction filter convolved 
with the head-related transfer function. Alternatively, the 
analysis section may calculate a simulation signal for a state 
where the in-ear earphone is not worn in the ear of the listen 
ing person by performing resampling processing on the signal 
measured by the signal processing section in the state where 
the in-ear earphone is worn in the ear of the listening person. 
Typically, the measurement signal is an impulse signal. 

EFFECT OF THE INVENTION 

0018. According to the present invention, a characteristic 
of an ear canal of an individual is measured by using an 
earphone used for listening, and thereby an optimum ear 
canal correction filter can be obtained. Thus, a listening state 
which is suitable for an earphone for listening and is equiva 
lent to a listening state in the case where the ear canal is not 
blocked, can be realized, even when wearing an earphone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 shows a configuration of a sound reproducing 
apparatus 100 according to a first embodiment of the present 
invention. 
0020 FIG. 2A shows an example of a measurement signal 
generated by a measurement signal generating section 101. 
0021 FIG.2B shows another example of the measurement 
signal generated by the measurement signal generating sec 
tion 101. 
0022 FIG. 3 shows states of wearing and not wearing 
earphones 110 in the ear. 
0023 FIG. 4 shows an example of an ear-canal simulator 
121. 
0024 FIG. 5 shows a detailed example of a configuration 
of an analysis section 108. 
0025 FIG. 6 shows a configuration of a sound reproducing 
apparatus 200 according to a second embodiment of the 
present invention. 
0026 FIG.7 shows a configuration of a sound reproducing 
apparatus 300 according to a third embodiment of the present 
invention. 
0027 FIG. 8 shows a detailed example of a configuration 
of an analysis section 308. 
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0028 FIG.9 shows a configuration of a sound reproducing 
apparatus 400 according to a fourth embodiment of the 
present invention. 
0029 FIG. 10 shows a detailed example of a configuration 
of an analysis section 408. 
0030 FIG. 11 shows an example of a correction of a filter 
performed by a coefficient calculation section 416. 
0031 FIG. 12 shows a configuration of a sound reproduc 
ing apparatus 500 according to a fifth embodiment of the 
present invention. 
0032 FIG. 13 shows a detailed example of a configuration 
of an analysis section 508. 
0033 FIG. 14 shows resampling processing performed by 
a resampling processing section 518. 
0034 FIG. 15 shows a typical example of an implemen 
tation of the first to fifth embodiments of the present inven 
tion. 
0035 FIG. 16 shows a relation between a resonance fre 
quency, and a state where an ear canal is open or a state where 
an ear canal is closed. 
0036 FIG. 17 shows an example of a configuration of a 
conventional Sound reproducing apparatus 1700. 

DESCRIPTION OF THE REFERENCE 
CHARACTERS 

0037 100, 200, 300, 400 sound reproducing apparatus 
0038 101 measurement signal generating section 
0039) 102 signal switching section 
0040 103 D/A conversion section 
0041 104 amplification section 
0042 105 distribution section 
0043. 106 microphone amplification section 
0044 107 A/D conversion section 
0045 108,308, 408, 508 analysis section 
0046) 109 ear-canal correction filter processing section 
0047 110 earphone 
0048 111 signal processing section 
0049) 114, 414, 514 FFT processing section 
0050. 115, 415 memory section 
0051) 116, 416 coefficient calculation section 
0052 117 IFFT processing section 
0053 121 ear-canal simulator 
0054) 212 HRTF processing section 
0055 318 convolution processing section 
0056) 319 HRTF storage section 
0057 420 standard ear-canal correction filter storage sec 
tion 
0.058 501 PC 
0059 518 resampling processing section 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0060 First Embodiment 
0061 FIG. 1 shows a configuration of a sound reproducing 
apparatus 100 according to a first embodiment of the present 
invention. As shown in FIG. 1, the sound reproducing appa 
ratus 100 includes a measurement signal generating section 
101, a signal Switching section 102, a D/A conversion section 
103, an amplification section 104, a distribution section 105, 
a microphone amplification section 106, an A/D conversion 
section 107, an analysis section 108, an ear-canal correction 
filter processing section 109, and an earphone 110. The signal 
switching section 102, the D/A conversion section 103, the 
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amplification section 104, the distribution section 105, the 
microphone amplification section 106, and the A/D conver 
sion section 107 constitute a signal processing section 111. 
0062 Firstly, an outline of each component of the sound 
reproducing apparatus 100 according to the first embodiment 
will be described. 
0063. The measurement signal generating section 101 
generates a measurement signal. The measurement signal 
generated by the measurement signal generating section 101, 
and a Sound source signal which has passed through the 
ear-canal correction filter processing section 109, are inputted 
to the signal Switching section 102, and the signal Switching 
section 102 outputs one of the inputted signals by Switching 
therebetween in accordance with a reproduction mode or a 
measurement mode described later. The D/A conversion sec 
tion 103 converts a signal outputted by the signal Switching 
section 102 from digital to analog. The amplification section 
104 amplifies the analog signal outputted by the D/A conver 
sion section 103. The distribution section 105 supplies the 
amplified signal outputted by the amplification section 104 to 
the earphone 110, and Supplies a signal to be measured when 
the earphone 110 is operated as a microphone to the micro 
phone amplification section 106. The earphones 110 are worn 
in both ears of a listening person as a pair of in-ear earphones. 
The microphone amplification section 106 amplifies the mea 
sured signal outputted by the distribution section 105. The 
A/D conversion section 107 converts the amplified signal 
outputted by the microphone amplification section 106 from 
analog to digital. The analysis section 108 analyzes the con 
Verted amplified signal to obtain an ear-canal correction filter. 
The ear-canal correction filter processing section 109 per 
forms convolution processing on the Sound source signal with 
the ear-canal correction filter obtained by the analysis section 
108. 
0064. Next, operation of the sound reproducing apparatus 
100 according to the first embodiment will be described. 
0065. The sound reproducing apparatus 100 executes pro 
cessing in the measurement mode for calculating the ear 
canal correction filter to be given to the ear-canal correction 
filter processing section 109 by using the measurement sig 
nal, before executing processing in the reproduction mode for 
performing Sound reproduction based on the Sound Source 
signal. 
0066 1. Measurement Mode 
0067 First, the sound reproducing apparatus 100 is set to 
the measurement mode by a listening person. When the Sound 
reproducing apparatus 100 is set to the measurement mode, 
the signal Switching section 102 Switches a signal path so as 
to connect the measurement signal generating section 101 to 
the D/A conversion section 103. Next, the listening person 
wears a pair of the earphones 110 in the ears (state shown by 
(a) in FIG. 3). At this time, a content inducing the listening 
person to wear the earphones 110 may be displayed on, e.g., 
a display (not shown) of the Sound reproducing apparatus 
100. After wearing the pair of earphones 110 in the ears, a 
measurement is started by, for example, the listening person 
pressing a measurement start button. 
0068. When the measurement is started, the measurement 
signal generating section 101 generates a predetermined mea 
Surement signal. For the measurement signal, an impulse 
signal exemplified in FIG. 2A is typically used, though vari 
ous signals can be used. The measurement signal is outputted 
from the pair of earphones 110 worn in both ears of the 
listening person, via the signal Switching section 102, the D/A 
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conversion section 103, the amplification section 104, and the 
distribution section 105. The measurement signal outputted 
from the earphones 110 passes through the ear canal to arrive 
at the eardrum, and then is reflected by the eardrum to return 
to the earphones 110. Structurally; the earphone 110 can be 
used as a microphone, and measures the measurement signal 
which has returned after the reflection at the eardrum. The 
signal (hereinafter, referred to as wearing-state signal) mea 
sured by the earphone 110 is outputted via the distribution 
section 105, the microphone amplification section 106, and 
the A/D conversion section 107, to the analysis section 108, 
and is stored. 
0069. Next, the listening person removes the pair of ear 
phones 110 from both ears. At this time, a content inducing 
the listening person to remove the earphones 110 may be 
displayed on, e.g., the display (not shown) of the Sound repro 
ducing apparatus 100. After removing the pair of earphones 
110 from both ears, a measurement is started by, for example, 
the listening person pressing a measurement start button. 
Note that, both ears of the listening person and the pair of 
earphones 110 in the state where the earphones 110 are not 
worn, have a positional relationship in which the earphones 
110 do not have contacts with the ears and in which a mea 
surement signal outputted from the earphone 110 can be 
conducted into the ear canals (state shown by (b) in FIG. 3). 
0070. In the above state, the measurement signal is out 
putted from the pair of earphones 110, passes through the ear 
canal to be reflected by the eardrum, and returns to the ear 
phones 110. The earphone 110 measures the measurement 
signal which has returned. The signal (hereinafter, referred to 
as unwearing-state signal) measured by the earphone 110 is 
outputted via the distribution section 105, the microphone 
amplification section 106, and the A/D conversion section 
107, to the analysis section 108, and is stored. 
0071. On the other hand, another method for measuring 
the unwearing-state signal is a method using an ear-canal 
simulator which simulates an ear canal. The ear-canal simu 
lator 121 is a measuring instrument having a cylindrical shape 
with a length of about 25 mm and a diameter of about 7 mm 
(FIG. 4). A possible configuration of the ear-canal simulator 
121 is a configuration ((a) in FIG. 4) where one end thereof is 
open and the other end is closed, or a configuration where 
both ends are open ((b) in FIG. 4). When using the ear-canal 
simulator 121 having the configuration where one end thereof 
is open and the other end is closed, a measurement is per 
formed in a state where the earphone 110 used for listening 
does not contact with the ear-canal simulator 121 and where 
a measurement signal outputted from the earphone 110 can be 
conducted into the ear-canal simulator 121. On the other 
hand, when using the ear-canal simulator 121 having the 
configuration where both ends are open, a measurement is 
performed in a state where the earphone 110 used for listening 
is attached to one end of the ear-canal simulator 121. Thus, 
since the side where the earphones 110 is attached is a closed 
end and the side opposite thereto is an open end, a character 
istic can be measured in the same State as in (a) in FIG. 4 
where one end is closed. By using the ear-canal simulator 
121, the unwearing-state signal can be measured based on a 
length (25 mm) and a width (7 mm) of a typical ear canal. 
0072 The order in which the wearing-state signal and the 
unwearing-state signal are measured may be reversed. 
0073 FIG. 5 shows a detailed example of a configuration 
of an analysis section 108. As shown in FIG. 5, the analysis 
section 108 includes an FFT processing section 114, a 
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memory section 115, a coefficient calculation section 116, 
and an IFFT processing section 117. 
0074 The FFT processing section 114 performs fast Fou 
rier transform (FFT) processing on the wearing-state signal 
and the unwearing-state signal which are outputted from the 
A/D conversion section 107, to transform them to signals in 
frequency domain, respectively. The memory section 115 
stores the two signals in frequency domain obtained through 
the FFT processing. The coefficient calculation section 116 
reads out the two signals stored in the memory section 115, 
and Subtracts the unwearing-state signal from the wearing 
state signal to obtain a difference therebetween as a coeffi 
cient. The coefficient represents a conversion from a state of 
wearing the earphone 110 to a state (unwearing state) of not 
wearing the earphone 110. 
0075. The coefficient obtained by the coefficient calcula 
tion section 116 is data in frequency domain. Therefore, the 
IFFT processing section 117 performs inverse fast Fourier 
transform (IFFT) processing on the coefficient in frequency 
domain obtained by the coefficient calculation section 116 to 
transform the coefficient to a filter in time domain. The filter 
in time domain obtained through the transformation by the 
IFFT processing section 117 is given as an ear-canal correc 
tion filter to the ear-canal correction filter processing section 
109. 
0076. In the case where the ear-canal correction filter pro 
cessing section 109 performs convolution processing in fre 
quency domain, the coefficient in frequency domain obtained 
by the coefficient calculation section 116 may directly be 
given to the ear-canal correction filter processing section 109 
without the IFFT processing section 117 performing IFFT 
processing. Note that, in this case, an FFT length of the FFT 
processing section 114 needs to be the same as an FFT length 
used in the ear-canal correction filter processing section 109. 
0077. In addition, the FFT section 114 may perform FFT 
processing immediately after a measurement is started (the 
measurement signal is generated), or may exclude the begin 
ning part of the measurement signal (cause delay) to perform 
FFT processing, as shown in FIG. 2B. 
0078 2. Reproduction Mode 
0079. After giving the ear-canal correction filter to the 
ear-canal correction filter processing section 109 in the mea 
Surement mode, a Sound source signal is reproduced as fol 
lows. 
0080. The sound reproducing apparatus 100 is set to the 
reproduction mode by the listening person. When the sound 
reproducing apparatus 100 is set to the reproduction mode, 
the signal Switching section 102 Switches a signal path so as 
to connect the ear-canal correction filter processing section 
109 to the D/A conversion section 103. Next, the listening 
person wears the pair of earphones 110 in the ears, and then a 
measurement is started by, for example, the listening person 
pressing a measurement start button. 
0081. When a reproduction of the sound source signal is 
started, the Sound source signal is inputted to the ear-canal 
correction filter processing section 109, and the ear-canal 
correction filter processing section 109 convolves the sound 
Source signal with the ear-canal correction filter given by the 
analysis section 108. By performing the convolution process 
ing, an acoustic characteristic equivalent to that in the case of 
not wearing the earphone 110 (where the ear canal is not 
blocked) can be obtained, even when wearing the earphone 
110. The convolved sound source signal is outputted from the 
pair of earphones 110 worn in the ears of the listening person, 
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via the signal switching section 102, the D/A conversion 
section 103, the amplification section 104, and the distribu 
tion section 105. 
I0082. As described above, the sound reproducing appara 
tus 100 according to the first embodiment of the present 
invention measures a characteristic of an ear canal of an 
individual by using the earphone 110 used for listening, and 
thereby can obtain an optimum ear-canal correction filter. 
Thus, a listening state which is suitable for the earphone 110 
for listening and is equivalent to a listening state in the case 
where the earcanal is not blocked, can be realized, even when 
wearing the earphone 110 in the ear. 
I0083. In the first embodiment, a configuration including 
the microphone amplification section 107 and the A/D con 
version section 107 is used. However, in the case where the 
Sound reproducing apparatus 100 has an ANC (active noise 
cancel) function, the ANC function can used as both the 
microphone amplification section 107 and the A/D conver 
sion section 107. 
0084. Second Embodiment 
I0085 FIG. 6 shows a configuration of a sound reproducing 
apparatus 200 according to a second embodiment of the 
present invention. As shown in FIG. 6, the sound reproducing 
apparatus 200 includes the measurement signal generating 
section 101, the signal processing section 111, the analysis 
section 108, the ear-canal correction filter processing section 
109, the earphone 110, and an HRTF processing section 212. 
I0086. As shown in FIG. 6, the sound reproducing appara 
tus 200 according to the second embodiment is different from 
the Sound reproducing apparatus 100 according to the first 
embodiment, with respect to the HRTF processing section 
212. Hereinafter, the sound reproducing apparatus 200 will be 
described focusing on the HRTF processing section 212 
which is the difference. The same components as those of the 
Sound reproducing apparatus 100 are denoted by the same 
reference numerals and description thereof is omitted. 
I0087. When a reproduction of the sound source signal is 
started in the reproduction mode, the Sound signal is inputted 
to the HRTF processing section 212. The HRTF processing 
section 212 convolves the Sound source signal with a head 
related transfer function (HRTF) which is set in advance. By 
using the head-related transfer function, a Sound image which 
makes the listening person feel as if listening through a 
speaker can be listened to even if using the earphone 110. The 
sound source signal convolved with the head-related transfer 
function is inputted to the ear-canal correction filter process 
ing section 109 from the HRTF processing section 212, and 
then the ear-canal correction filter processing section 109 
convolves the Sound source signal with the ear-canal correc 
tion filter given by the analysis section 108. 
I0088 As described above, the sound reproducing appara 
tus 200 according to the second embodiment of the present 
invention enhances accuracy of control of three-dimensional 
Sound-field reproduction, and can realize an out-of-head 
Sound localization in a more natural State, in addition to 
providing the effects of the first embodiment. 
0089. Note that, the order in which the ear-canal correc 
tion filter processing section 109 and the HRTF processing 
section 212 are arranged may be reversed. 
0090. Third Embodiment 
0091 FIG.7 shows a configuration of a sound reproducing 
apparatus 300 according to a third embodiment of the present 
invention. As shown in FIG. 7, the sound reproducing appa 
ratus 300 includes the measurement signal generating section 
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101, the signal processing section 111, an analysis section 
308, the ear-canal correction filter processing section 109, 
and the earphone 110. FIG. 8 shows a detailed example of a 
configuration of the analysis section 308. As shown in FIG. 8, 
the analysis section 308 includes the FFT processing section 
114, the memory section 115, the coefficient calculation sec 
tion 116, the IFFT processing section 117, a convolution 
processing section 318, and an HRTF storage section 319. 
0092. The sound reproducing apparatus 300 according to 
the third embodiment shown in FIG. 7 and FIG. 8 is different 
from the Sound reproducing apparatus 100 according to the 
first embodiment, with respect to the convolution processing 
section 318 and the HRTF storage section 319. Hereinafter, 
the sound reproducing apparatus 300 will be described focus 
ing on the convolution processing section 318 and the HRTF 
storage section 319 which are the difference. The same com 
ponents as those of the Sound reproducing apparatus 100 are 
denoted by the same reference numerals and description 
thereof is omitted. 
0093. A filter in time domain outputted from the IFFT 
processing section 117 is inputted to the convolution process 
ing section 318. The HRTF storage section 319 stores in 
advance a filter coefficient of a head-related transfer function 
corresponding to a direction in which localization should be 
performed. The convolution processing section 318 con 
volves the ear-canal correction filter inputted from the IFFT 
processing section 117 with the filter coefficient of the head 
related transfer function stored in the HRTF storage section 
319. The filter convolved by the convolution processing sec 
tion 318 is given, as an ear-canal correction filter which 
includes ahead-related transfer function characteristic, to the 
ear-canal correction filter processing section 109. 
0094. In the case where the ear-canal correction filter pro 
cessing section 109 performs convolution processing in fre 
quency domain, the coefficient in frequency domain obtained 
by the coefficient calculation section 116 may be convolved 
with the filter coefficient of the head-related transfer function 
stored in the HRTF storage section 319 without the IFFT 
processing section 117 performing IFFT processing. Note 
that, in this case, an FFT length of the FFT processing section 
114 needs to be the same as an FFT length used in the 
ear-canal correction filter processing section 109. 
0095. As described above, the sound reproducing appara 
tus 300 according to the third embodiment of the present 
invention enhances accuracy of control of three-dimensional 
Sound-field reproduction, and can realize an out-of-head 
Sound localization in a more natural State, in addition to 
providing the effects of the first embodiment. 
0096. Moreover, in the sound reproducing apparatus 300 
according to the third embodiment of the present invention, 
since sound localization processing using the head-related 
transfer function is performed in the analysis section 308, an 
amount of operation performed on the Sound Source signal in 
the reproduction mode can be reduced in comparison with the 
Sound reproducing apparatus 200 according to the second 
embodiment. 

0097. Fourth Embodiment 
0098 FIG.9 shows a configuration of a sound reproducing 
apparatus 400 according to a fourth embodiment of the 
present invention. As shown in FIG.9, the sound reproducing 
apparatus 400 includes the measurement signal generating 
section 101, the signal processing section 111, an analysis 
section 408, the ear-canal correction filter processing section 
109, and the earphone 110. 
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0099. The sound reproducing apparatus 400 according to 
the fourth embodiment shown in FIG. 9 is different from the 
Sound reproducing apparatus 100 according to the first 
embodiment, with respect to a configuration of the analysis 
section 408. Hereinafter, the Sound reproducing apparatus 
400 will be described focusing on the analysis section 408 
which is the difference. The same components as those of the 
Sound reproducing apparatus 100 are denoted by the same 
reference numerals and description thereof is omitted. 
0100. The sound reproducing apparatus 400 according to 
the fourth embodiment measures only the wearing-state sig 
nal in the measurement mode. The analysis section 408 
obtains an ear-canal correction filter based on the wearing 
state signal by the following process. 
0101 FIG. 10 shows a detailed example of the configura 
tion of the analysis section 408. As shown in FIG. 10, the 
analysis section 408 includes an FFT processing section 414, 
a memory section 415, a coefficient calculation section 416, 
and a standard ear-canal correction filter storage section 420. 
0102 The FFT processing section 414 performs fast Fou 
rier transform processing on the wearing-state signal output 
ted from the A/D conversion section 107, to transform the 
wearing-state signal to a signal in frequency domain. The 
memory section 415 stores the wearing-state signal in fre 
quency domain obtained through the FFT processing. The 
coefficient calculation section 416 reads out the wearing-state 
signal stored in the memory section 415, and analyzes the 
frequency component of the wearing-state signal to obtain 
frequencies of a peak and a dip. 
0103) The frequencies of the peak and the dip are reso 
nance frequencies of the earcanal. The resonance frequencies 
can be specified from the wearing-state signal measured in a 
state where the earphone 110 is worn in the ear. Note that, 
among resonance frequencies, a range of frequencies causing 
high resonances which require ear canal correction is from 2 
kHz to 10 kHz, with a length of the ear canal taken into 
consideration. Therefore, upon the calculation of a peak and 
a dip, an amount of operation can be reduced by calculating 
only those within the above range of frequencies. 
0104. The standard ear-canal correction filter storage sec 
tion 420 stores parameters of the standard ear-canal filter and 
the standard ear-canal correction filter which are measured in 
a state where a particular earphone is attached to an ear-canal 
simulator which simulates an ear canal of a standard person. 
Each of the standard ear-canal filter and the standard ear 
canal correction filter is formed by an IIR filter. The IIR filter 
includes a center frequency F, again G, and a transition width 
Qas parameters. The coefficient calculation section 416 reads 
out the parameters of the standard ear-canal filter from the 
standard ear-canal correction filter storage section 420, after 
calculating the frequencies of the peak and the dip of a mea 
Sured frequency characteristic. The coefficient calculation 
section 416 corrects the center frequencies F to the corre 
sponding frequencies of the peak and the dip. 
0105 FIG. 11 shows an example of a correction (correc 
tion of the center frequency F) of a filter performed by the 
coefficient calculation section 416. (a) in FIG. 11 shows a 
frequency characteristic of the wearing-state signal, and (b) in 
FIG. 11 shows a frequency characteristic of the standard 
ear-canal filter. It is obvious from the frequency characteristic 
of the wearing-state signal that a first peak frequency F1' 
corresponds to a center frequency F 1 of the standard ear 
canal filter, and that a first dip frequency F2 corresponds to a 
center frequency F2 of the standard ear-canal filter. The coef 



US 2010/017791.0 A1 

ficient calculation section 416 calculates a difference F1 
(=F1-F1') and a difference F2 (=F2-F2') for correcting the 
center frequencies F1 and F2 of the standard ear-canal filter to 
the frequencies F1' and F2', respectively (see (c) in FIG. 11). 
Next, the coefficient calculation section 416 reads out the 
standard ear-canal correction filter from the standard ear 
canal correction filter storage section 420. In the case where 
the center frequency Fl of the standard ear canal filter corre 
sponds to a center frequency F3 of the standard ear-canal 
correction filter, and where the center frequency F2 of the 
standard ear canal filter corresponds to a center frequency F4 
of the standard ear-canal correction filter ((d) in FIG. 11), the 
coefficient calculation section 416 corrects the center fre 
quency F3 of the standard ear-canal correction filter by the 
difference F1 to calculate a frequency F3', and corrects the 
center frequency F4 by the difference F2 to calculate a 
frequency F4' ((e) in FIG. 11). With the above processing, 
correction of the ear-canal correction filter is completed. 
0106. After the correction of the standard ear-canal cor 
rection filter is completed, the coefficient calculation section 
416 converts the standard ear-canal correction filter from a 
filter for an IIR filter to a filter for an FIR filter, and gives the 
standard ear-canal correction filter to the ear-canal correction 
filter processing section 109. In the case where the ear-canal 
correction filter is formed by an IIR filter, an IIR filter coef 
ficient may be calculated from parameters of the IIR filter and 
may be given to the ear-canal correction filter processing 
Section 109. 

0107 As described above, the sound reproducing appara 
tus 400 according to the fourth embodiment of the present 
invention corrects a peak frequency and a dip frequency of the 
standard ear-canal correction filter based on a measured wear 
ing-state signal. Thus, the effects of the first embodiment can 
be realized with a small number of measurements. The cor 
rection method of the fourth embodiment can be applied to 
the second and third embodiments in a similar manner. 

0108 Fifth Embodiment 
0109 FIG. 12 shows a configuration of a sound reproduc 
ing apparatus 500 according to a fifth embodiment of the 
present invention. As shown in FIG. 12, the sound reproduc 
ing apparatus 500 includes the measurement signal generat 
ing section 101, the signal processing section 111, the analy 
sis section 408, the ear-canal correction filter processing 
section 109, and the earphone 110. FIG. 13 shows a detailed 
example of a configuration of an analysis section 508. As 
shown in FIG. 13, the analysis section 508 includes a resam 
pling processing section 518, an FFT processing section 514, 
the memory section 115, the coefficient calculation section 
116, and the IFFT processing section 117. 
0110. The sound reproducing apparatus 500 according to 
the fifth embodiment shown in FIG. 12 and FIG. 13 is differ 
ent from the Sound reproducing apparatus 100 according to 
the first embodiment, with respect to the resampling process 
ing section 518 and the FFT processing section 514. Herein 
after, the sound reproducing apparatus 500 will be described 
focusing on the resampling processing section 518 and the 
FFT processing section 514 which are the difference. The 
same components as those of the Sound reproducing appara 
tus 100 are denoted by the same reference numerals and 
description thereof is omitted. 
0111. The sound reproducing apparatus 500 according to 
the fourth embodiment measures only the wearing-state sig 
nal in the measurement mode. The analysis section 508 
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obtains an ear-canal correction filter based on the wearing 
state signal by the following process. 
0112 The resampling processing section 518 performs 
resampling processing on a wearing-state signal outputted 
from the A/D conversion section 107. For example, when a 
sampling frequency for the wearing-state signal is 48 kHz, the 
same processing as conversion to 24 kHz is performed. This 
processing means that, since a resonance frequency of a reso 
nance characteristic in the case where one end is closed is 
equal to /2 of a resonance frequency of a resonance charac 
teristic in the case where both ends are closed, a frequency 
characteristic in the case where one end is closed is calculated 
in a simulated manner by converting, to /2, a frequency char 
acteristic measured in a state where both ends are closed. 
0113 FIG. 14 shows a simplified method of resampling 
processing performed by the resampling processing section 
518. (a) in FIG. 14 shows an example of a wearing-state signal 
outputted from the A/D conversion section 107. In (b) in FIG. 
14, a frequency characteristic is converted to /2 by a method 
in which the same values as those of the wearing-state signal 
are interpolated one time. In (c) in FIG. 14, a frequency 
characteristic is converted to /2 by a method in which a 
central value between adjacent values of the wearing-state 
signal is linearly interpolated. Other than the above methods, 
an interpolation method such as a spline interpolation may be 
used. Alternatively, other resampling methods may be used. 
0114. The FFT processing section 514 performs fast Fou 
rier transform (FFT) processing on the wearing-state signal 
outputted from the A/D conversion section 107, and on the 
unwearing-state simulation signal on which resampling pro 
cessing has been performed by the resampling processing 
section 518, to transform them to signals in frequency 
domain, respectively. The memory section 115 stores the two 
signals in frequency domain obtained through the FFT pro 
cessing. The coefficient calculation section 116 reads out the 
two signals stored in the memory section 115, and Subtracts 
the unwearing-state simulation signal from the wearing-state 
signal to obtain a difference therebetween as a coefficient. 
The coefficient represents a conversion from a state of wear 
ing the earphone 110 to a state (unwearing state) of not 
wearing the earphone 110. 
0.115. As described above, the sound reproducing appara 
tus 500 according to the fifth embodiment of the present 
invention performs resampling processing on the wearing 
state signal to obtain an unwearing-state simulation signal. 
Thus, the effects of the first embodiment can be realized with 
a small number of measurements. The correction method of 
the fifth embodiment can be applied to the second and third 
embodiments in a similar manner. 
0116 Processings executed in the measurement modes 
described in the first to fifth embodiments is typically 
executed via a personal computer (PC) 501 as shown in FIG. 
15. The PC 501 includes software for performing the process 
ings executed in the measurement mode. By executing the 
Software, predetermined processings are sequentially 
executed, the resultant ear-canal correction filters are trans 
ferred to the sound reproducing apparatuses 100 to 500 via a 
memory, a radio device, or the like included in the PC 501. 
0117 Thus, if the processings in the measurement modes 
can be executed by using the PC 501, there is no need for the 
sound reproducing apparatuses 100 to 500 to have functions 
of executing the processing in the measurement modes. 

INDUSTRIAL APPLICABILITY 

0118 A Sound reproducing apparatus of the present inven 
tion is applicable to a sound reproducing apparatus or the like 
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which performs Sound reproduction by using an in-ear ear 
phone, and particularly, is useful, e.g., when it is desired to 
realize a listening state equivalent to that in the case where the 
ear canal is not blocked, even when wearing the earphone in 
the ear. 

1. A sound reproducing apparatus reproducing sound by 
using an in-ear earphone, the sound reproducing apparatus 
comprising: 

a measurement signal generating section for generating a 
measurement signal; 

a signal processing section for, in a state where the in-ear 
earphone is worn in an ear of a listening person, output 
ting the measurement signal from the in-ear earphone to 
an ear canal of the listening person by using a speaker 
function of the in-ear earphone, and measuring, with the 
in-ear earphone, the signal reflected by an eardrum of the 
listening person by using a microphone function of the 
in-ear earphone; 

an analysis section for storing a standard ear-canal correc 
tion filter measured in advance by using an ear-canal 
simulator which simulates an ear-canal characteristic, 
and for obtaining an ear-canal correction filter by ana 
lyzing the signal measured by the signal processing sec 
tion and correcting the standard ear-canal correction 
filter; and 

an ear-canal correction filter processing section for, when 
Sound is reproduced from a Sound source signal, con 
Volving the Sound source signal with the ear-canal cor 
rection filter obtained by the analysis section. 

2. The Sound reproducing apparatus according to claim 1, 
wherein the standard ear-canal correction filter is stored as a 
parameter of an IIR filter. 

3. The Sound reproducing apparatus according to claim 1, 
wherein the analysis section performs processing on a char 
acteristic obtained through the measurement, only within a 
range of frequencies causing a change in a characteristic of 
the ear canal. 

4. The Sound reproducing apparatus according to claim 1, 
wherein a range of frequencies causing a change in a charac 
teristic of the ear canal is from 2 kHz to 10 kHz. 

5. A sound reproducing apparatus reproducing sound by 
using an in-ear earphone, the sound reproducing apparatus 
comprising: 

a measurement signal generating section for generating a 
measurement signal; 

a signal processing section for, both in a state where the 
in-ear earphone is worn in an ear of a listening person 
and in a state where the in-ear earphone is not worn in the 
ear of the listening person, outputting the measurement 
signals from the in-ear earphone to an ear canal of the 
listening person by using a speaker function of the in-ear 
earphone, and measuring, with the in-ear earphone, the 
signals reflected by an eardrum of the listening person 
by using a microphone function of the in-ear earphone; 

an analysis section for analyzing the signals measured in 
the two states by the signal processing section and 
obtaining an ear-canal correction filter; and 

an ear-canal correction filter processing section for, when 
Sound is reproduced from a Sound source signal, con 
Volving the Sound source signal with the ear-canal cor 
rection filter obtained by the analysis section. 

6. A sound reproducing apparatus reproducing sound by 
using an in-ear earphone, the sound reproducing apparatus 
comprising: 
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a measurement signal generating section for generating a 
measurement signal; 

a signal processing section for, in a state where the in-ear 
earphone is worn in an ear of a listening person, output 
ting the measurement signal from the in-ear earphone to 
an ear canal of the listening person by using a speaker 
function of the in-ear earphone, and measuring, with the 
in-ear earphone, the signal reflected by an eardrum of the 
listening person by using a microphone function of the 
in-ear earphone, and for, in a state where the in-ear 
earphone is attached to an ear-canal simulator which 
simulates an ear-canal characteristic, outputting the 
measurement signal from the in-ear earphone by using a 
speaker function of the in-ear earphone, and measuring 
the signal with the in-ear earphone by using the micro 
phone function thereof, thereby the signal processing 
section measuring a characteristic in a state where the 
in-ear earphone is not worn in the ear of the listening 
person; 

an analysis section for analyzing the signals measured in 
the two states by the signal processing section and 
obtaining an ear-canal correction filter; and 

an ear-canal correction filter processing section for, when 
Sound is reproduced from a Sound source signal, con 
Volving the Sound source signal with the ear-canal cor 
rection filter obtained by the analysis section. 

7. A sound reproducing apparatus reproducing Sound by 
using an in-ear earphone, the sound reproducing apparatus 
comprising: 

a measurement signal generating section for generating a 
measurement signal; 

a signal processing section for, in a state where the in-ear 
earphone is worn in an ear of a listening person, output 
ting the measurement signal from the in-ear earphone to 
an ear canal of the listening person by using a speaker 
function of the in-ear earphone, and measuring, with the 
in-ear earphone, the signal reflected by an eardrum of the 
listening person by using a microphone function of the 
in-ear earphone; 

an analysis section for: calculating a simulation signal for 
a state where the in-ear earphone is not worn in the ear of 
the listening person by performing resampling process 
ing on the signal measured by the signal processing 
section; analyzing the signal measured by the signal 
processing section and the simulation signal; and obtain 
ing an ear-canal correction filter, and 

an ear-canal correction filter processing section for, when 
Sound is reproduced from a Sound source signal, con 
Volving the Sound source signal with the ear-canal cor 
rection filter obtained by the analysis section. 

8. The Sound reproducing apparatus according to claim 1, 
further comprising an HRTF processing section, which is 
provided at a preceding stage of the ear-canal correction filter 
processing section, for convolving the Sound source signal 
with a predetermined head-related transfer function. 

9. The Sound reproducing apparatus according to claim 1, 
further comprising an HRTF processing section, which is 
provided at a Subsequent stage of the ear-canal correction 
filter processing section, for convolving the sound source 
signal convolved with the ear-canal correction filter with a 
predetermined head-related transfer function. 

10. The Sound reproducing apparatus according to claim 1, 
wherein the analysis section stores a predetermined head 
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related transfer function, and obtains the ear-canal correction 
filter convolved with the head-related transfer function. 

11. The Sound reproducing apparatus according to claim 1, 
wherein the measurement signal is an impulse signal. 

12. The Sound reproducing apparatus according to claim 5. 
further comprising an HRTF processing section, which is 
provided at a preceding stage of the ear-canal correction filter 
processing section, for convolving the Sound source signal 
with a predetermined head-related transfer function. 

13. The Sound reproducing apparatus according to claim 6. 
further comprising an HRTF processing section, which is 
provided at a preceding stage of the ear-canal correction filter 
processing section, for convolving the Sound source signal 
with a predetermined head-related transfer function. 

14. The Sound reproducing apparatus according to claim 7. 
further comprising an HRTF processing section, which is 
provided at a preceding stage of the ear-canal correction filter 
processing section, for convolving the Sound source signal 
with a predetermined head-related transfer function. 

15. The Sound reproducing apparatus according to claim 5. 
further comprising an HRTF processing section, which is 
provided in a Subsequent stage of the ear-canal correction 
filter processing section, for convolving the Sound Source 
signal convolved with the ear-canal correction filter with a 
predetermined head-related transfer function. 
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16. The Sound reproducing apparatus according to claim 6. 
further comprising an HRTF processing section, which is 
provided in a Subsequent stage of the ear-canal correction 
filter processing section, for convolving the sound source 
signal convolved with the ear-canal correction filter with a 
predetermined head-related transfer function. 

17. The Sound reproducing apparatus according to claim 7. 
further comprising an HRTF processing section, which is 
provided in a Subsequent stage of the ear-canal correction 
filter processing section, for convolving the sound source 
signal convolved with the ear-canal correction filter with a 
predetermined head-related transfer function. 

18. The Sound reproducing apparatus according to claim 5. 
wherein the analysis section stores a predetermined head 
related transfer function, and obtains the ear-canal correction 
filter convolved with the head-related transfer function. 

19. The Sound reproducing apparatus according to claim 6. 
wherein the analysis section stores a predetermined head 
related transfer function, and obtains the ear-canal correction 
filter convolved with the head-related transfer function. 

20. The Sound reproducing apparatus according to claim 7. 
wherein the analysis section stores a predetermined head 
related transfer function, and obtains the ear-canal correction 
filter convolved with the head-related transfer function. 

c c c c c 


